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ABSTRACT
A methodotog y Jots enhancing the z igni4 ieant z pee ttta i Jeatwt 6 in
Landzat data iz .intuduced.
The pnocuz, by which z ign.i6 icant tspecttcat Jeatuta ate detenmi.-
r „ ned, u u a minimum ent,%opy model to guide .6ubd equent	 . anat y is
` Ciat a.iJ ication ttezut t3 uzing t,%ad iti.ona.0 and minimum entkopy me-
= thod ate puzented and dizcuzzed.
;r
ffi.
„
1. INTRODUCTION
t
. The Lan"at tateM to .system was da igned to pttovide a gtobat e-
E atrth. obsettvation tsyztem eapabte of de.P.i.vexing dtgita2 tape
	
data	 a
and pho togttaphy to a wide audience o6 ttez eatteheu az we.0 a6 lata
dicing &e6out.ce manageAz. The widespxead adoption o6 Landsat da 	5
' to az a utse6ut bounce o6 .injotunati.on 4ott on-going eaAth . tuoif- .
eels pnggttams has made the ok ig,inat concept a high succezz .
This vetty success haz cheated a Zattge and gnowing community o6 u
zeta who need zoph	 t•icated patte,%n ttecognition techn. quu,	 but
- who themze.2vu ane. not ptcepan.ed to peA onaV,.y devetope and tce4i-
3
ne the tcequined techniques'. Thin new "btteed" o6 ups ett, o Uten	 a
_ practicing env.cttonmenttat renounce managett on. an  .ind.ividuat o6 s i
m,t&&'ttta,in ng and expetc.iencez, genettaUy loin .('.invited t yre	 and
Sundt to suppoAt computeA aided anaiy,6its o6 Landtsat data..
NeveAthe. uz , he wane	 sophisticated anatysi6 that can be
	
done
qu.ickt y and cheapty. Thy
 there is a need, " wett as an o j poh tu.
n.i ty, to join technique d ev e o petu, with ups eh3 to .cm ptto v e	 thoz e
techniques	 that eSSect veZy ttan,66orLm the kaw data into "eabtie
in6okmati.on at the towe.6t pozz ibte speed and .co t. Thin study Ae
paw, on the e4soAt.6 os just such a pa'ltnuh p, bti,i,ng.ing	 toge-
a thetz two ind%v.i.duatz with d.is 6 ehing yet comptenentcAy	 .intene.sts
r to e6 6 ic%erztt y tttan.6tate Landza t data into .ins oAmatti.on neadit y u
.6 eabte by the vaA ied ut6 ett community o 4 the Land-sat system.
	 The
' pttobtem addttuzed in taws study, at te"t in an .' ►vtAoducto&y was,
uvs how to .imptcove the ptc.ocezz o6 spectLaZ 6eatu,-.e 	 zeZection,
that .its, Zocating the zpeetuct ttta.ining sets which atte to compn-i
6e the pxotot ypu Son
	 cia6z i 4 i cation	 .0 6	the ent iti.e	 data
t}
4	 2.
s
3
2. THE MINIMUM-ENTROPY CONCEPT
En tto p y is a btat.izt.i cat meazute o6 unc enta ►tity. At the onb et 06
a Landbat data anaZy.6,U e66oxt, one .ivy con{►nonted with conzideAa-
bte y	 and... kind o6 b pec ttca.0	 •e..Ca,^^.	 `
u►ttlatane ea' contained o n the datu. t^ape. In lac t, cone idm an	 elsem-
bte o6 potent iaZ .6 pectAae. c&uz u, the optimum 6eatune b eZec t i.on
mode
	
that 
which choobez	 eatuneb which minimize. the en-
hcec py	 i	 em	 e	 Since t vU .i a equ.ivaten t to	 minim z ' ng
the dL6peoion o6 the varci.oub pattern poputationz, it " neazona-
bte to expect that buch a 6eatu%c zetecti.on node.witt have ctubte	 4
king pnopenties . Thiz concept can be e46ectivety u.a ed in the de-
b.ig n o6 an optimum b eatufce b etectio n pn,o cu ps within a pattern ` to
cognition dyatem (ae6en to Tou and HeydolLn, 1967) .	 i	 7
Cona.i.den a pattern recognition b y.3tem which is designed to %eco-
r. gnize K patteAn ctasbe3.
Eon each `patteAn c•Caz^, the ^eatune be.Cec.ti,on pnocuz wii jii.n the
a ybtem wi tt deter m in.e the bet _o ^ d &s cn imZnat u ,tg ^ eatunu	 which
are necebbany 4on a co,,utect necognit.ion o4 thue ceazzez.
. Azzume that each o6 the K pattetcn poputati.on .ins chwucterci.zed by
r a noJunat pnobab.it',ity density"nunction and the covariance	 matti-
cea, debcn.ib.ing the btatUt•ica o6 the K pattern cCabd e s, are	 e-
,, K
qua
2
Let,	 bon Landbat zatalite data:
X	 a mat ix o6 "n" p ixetz in "m" z pectAa-e	 ban".(n,m) Th<i3 matAix ` i,6 a pattern o6 t -th tnai►ung	 z et,
where .0 E K.
^ < y	 a matt ix o6 "n" pi.x.eCb .in p S m ,imagers tna.ns Oa LX p)i med.
A	 a tna►u 6onmat ion mat tLix o4 the , z pectAa.0 band.(m, p) The coLmou
	
o^ tU6 matAi.x are the	 Ueatune
veetou o5 the pattern cta ze,6
a
The method empeoyed genenatu a tine" tnan.6 ^otmation. ma tLx	 A
•.r
"elv^')(on "p„ fleatune vectofus) whi ch. apercateb an	 X	 to yieed a	 n(n, m)
t
.r.
3•
matPLi.x - L nY ) zo that the .inttaaet d zpeA6.ion (enttopy) o6
	
y
.ia m^ n initz	 Thin ttanz 6otmation may be mitten ad :	 (n' p )
(n, p)	 (n,Xm)	 (m, p)
.Ij one azzumeb a mccittivatiate noAmat di stti.but.i.an
 ^oA .each pat-
teen popu.Zatdon, thdz ^unetion .cis ehaAa.cteiLi.zed by .i.t6 mean vec-
toA and covariance matA.i.x which .ivy, in turn, characterized by.it6
eigenvaZue6 and e.igenvee to&6. These e.igenvee tou carvc.y the .i,n6o&
mation dezctc ib.ing the ptopenttiez o6 the pattana under. con6.ideAa	 x
tzon. However, tome o4 there etigenveetou bean Zu6 .in6oAnati6n,	 &..;
in a pattern Aecogniti,on Genre, tllan: otheA6, and may be ,.ignoted.
In 6aet it would be dui^Le.abZe to u6e a method which pnov.ider 5oA
the .6 eZection o.6 ont y the most 6.ign i6.ieant 6eatune vectou . Such
a method iz pod6.i,bZe 6.&Lce the entropy 6unet-ion o^ y	 MIL
;u nxzed when we z e.^ee t "	 cp" eigenvectoAr a .ho iated wit h. p^ p" rma t
tut e .genvatueb by jonming the tAaivs imnation matk i„x A(Ae
x	
Jet again to Tou + Heydann,1963, oA Watanabe, 7969). ( m , p )	 —
3. PROPERTIES OF THE MINIMUM-ENTROPY TRANSFORMATION
The main pnapeAt.Lez o5 th.L6 method axe:
a. The Aeducti.on in d.imenr.iana.City o4 the patten►iz.
In {act, the m, . imi.za ti.on o6 the e ►l tvw p y Junctioni  .imp:L,i..e 6	 the
mathemat.ccak .idea a6 <injofwmat.ion compte,6zion oveA the coandw.na-
to 6 yrtem za that most o b the n.andam pattennr ate eoncenth.ated
on a Sew c.00&d(natez .inztead o4 w,tdety di>stki.buted among ate. o6
them,
b. The ojrthonofwma.l',ityo4 the 6catune6 and the tAanz6anmed .unage.
Th.i36 i6 due to the ^aet that the pn<imaAy vec tou ahe the eigen-
vec toX6 o6 a teas 6 ymmet ic. matA i,x (co van i.an ce matA.i.x) . The aA-
thono.4j aU ty bnp.Ue6 that the .images Uan6 6o>wmed are unco,uAeta-n	
ted. Note, however, that 6oA Landrat rateU to data there .w,6 ro
`	 me A d n
	 w	 h ' ► 	 o ► 	 .6e u dance in t e .cl^anrna^,w.an content
	
c 1-t<tguau,
w
4 .	 t
^,
a
v
bands
c. Rank ondeAing ob the 6 e.atu u as a function o6 the.it teetative
d 6ctcimikant .cmpotcta.nce.
In 6act thiA tank .ins made aceond.ing to the deacend.ing onden	 o4
r
the azaoc fated e.igenvaeue6. Since it .ivs pozz ib.ie to demonztnate,
.e ee i.e. Kendaft (1972)	 that theme ex . t,6 an equ iva fence betwe-
en	 the vatuez o,6 the e igenvatuea and the vaA,iancu o6 the 6eattt
&e6, the nezutting Ueatune6 w,iU contain,-- 6otL itz tow	 vaA i.a.nee
the maximum po.6.6 ib.be dis tr uni.nati.ng
 .in{ojunation eoncet n ng	 the
pattern cQazz ea .
^r In net t%vn to the p opetrtfe^s di.6^s^cued above and the	 phys.%cat
ehatactmi,6ticz o6 tl2e Landsat d peetnaZ band-6, i t' .6 poszib.2e to de
f 6.i.ne a veeto,% o6 6eatutez 6onme.d by the 1.6t e-igenvectotL, a zoci.a
ted with the sma tetst e.igenvatuez, 6otL the paiA eontA, guou6	 apec
t,%aZ bands:
4	 (0.5 - 0.6 Am)	 and 5	 (0.6 - 0.3 fcm )_
5	 (0.6 - 0.7 ,um)	 and 6	 (0.7 - 0.8 /Am)
6	 (0.3 - 0.8 lam) and 3	 (0.8 - 7.1 µm)
:- TU6 vectotc :ib uz ed 6otL tAain i.ng set b et ec ti.on.
4. AN EXAMPLE OF THE MINIMUM ENTROPY MODEL AS APPLIED TO LANPSAT
DATA
-< Land-6at data bon the botrden atiea between Lucca and Pisa
	
pt o.v.in-
t` - ee,	 the So)Luted zhmt i,ne neon .baize Ma6zaei,u.ecoZe, weAe pt ocu-
bed uz.ing ".6tandatLd" pattern necogn ti.on methodts, that is,	 eom-
munZy LL6ed digital. teehni.quez 6otc conducting an u.n6upenvised cta.6
;6.ij.ication, .lead ing_ to a ta.n:d u./, e type map. F igune 1	 shows a bta.ch
and	 white ptUijvt o6 the U.inat co.iotL cL'a zi6icati.on image (map) . Wa
r
ten at the ZoweA Ze6t (Tpti.hen.ina Sea) and uppeh tight (take Mays-
.	 y	
a-daci:u.ceoZe) ate very da&k,wfiUe unciatsz.ib.ied aneaz	 ma7(pt i,u
gn icut tatat ta.nd .type) ate depicted ate o66-white.
!` Three cQatsz ez obi wo odta.nd ate depicted in the center o^ the ;scene
a6 Ziht, medium and datLk grey. An a6ze,sment o{^_ the	 cotnectne6.6
o6 this ctazzi6.icati.on map into tivLee woodta.nd ceasse6was - veAi-
6 ied u.6 ing btach and white aeniat	photogtcaphy at	 a :-.6cate	 o6
1:13,000.
ry Thug ,this cZa z i6 icati.on cot tectCy d it.,cenm t/mee SotLut 	 typc6
` that va&y in the A ' devnz t y (o ^ tkee/s) , age (tree heig ht and width),
M -,
#W--	 _...61l9Mi^E PFiii	 t
( Ofc i ginat in co.Con )
FIGURE 1 - Finai c.Ca S ,6i6.i.cati.an
 ,image (wood.Cand, c-mtc) den i,vedStrom cad i ti,ona. tcchni.que.
O^R^ A'4nr
i' 6.
and/on compozit, .on (e.g. tatio o6 ttc.eea to bAu6h) .
What .ins most .cmpot:tant to note, moteovet ., .c,6 the 6act that in ma
ny caused the "accuracy" o6 the cCaz,6 i6:i.catc:on ass detenm-ined	 by
the u6en wZU very often be zubjectLve.Cy deteAmi.ned aj.tet viewing
the 6.inaC cCa.6,6 i6.icatZon map (image) . With the mote
	
tAa.dit ionaz
approach to ptoceab.ing and anaty.6 ing Larzdbat data, a-s waz ubed
	 to	 j
a make th.iws c.Ca6.6.i6.cati.on, .6uch an 	 .i.rrrage .i,6 not ava-c..Cab.Ce	 u.rvti,L'
the very er'!d o6 the pnocezz ing°)Ao' gram._
	
x
The use o6 the minimum entAopy model to pnepane a t/%arv66ormed .ima
g e, tluz t .vs made ava tabt e ea,ct y in the ptocezz ing program, .c,	 on
v:tiaZ advantage oven ttad i ti.onat ptoeedutea. F.igute 2 ( atso	 a
b.Ca.ch and white pr.i;vt o 6 the coZot o k i g.inat) .6 how jubt zuch: an .i-
mage dot a zZigtht^	 tatgeA_anea than that depicted :in Y quite 1.
F:igune 2 a how,s moire o f ;the T y-vAhen:ia.n Sea on r size ^ Ze6t, and take Ma.6
T
.6ac iucco.Cein the upper center o4 the .image. In the cenvtet,	 . gtey-
x ZeveU .indicate the varying same specttaZ dfiveu.ity amongst	 the
wooded.6honeE,tne as cvab shown in F.Lgune 1, However, this image	 Zs
^.`
made. avaiZa.b.Ce to the inset ea•iey in the. ptoee zing program (ne6et
to Figute 3), and can be uzed imme.di te.Cy az a guide to	 ttc.a: ring
set detection	 y
` Empto yment o6 the minimum entreopy model a.Zso pnov.cde,3 the	 U6VL
wtith a very powet^uZ ana.Cytic tooP to compZement hiz dub j ec t ve to
acti.on6 -to the 1st tkaju6otmed image.
A6 a>az .6uggelsted ean.Um ', it d.6 very .impoxtant to rycoceed - i.n	 a
necognit ion program with tAauu.rzg sets that puce d.ig 4 e cn t and te-	 .'
p ens enta ti.v e o6 the entiAe .6 cene.
The h.i.enanch i.cai' cZaza.i' icati.on method, appt ied to the 6eatune vec
ton..s	 (ne{retc, again, to F.igune 3), paov.ide the anaCybt/uzeA 	 ccritJ:.
a conven.ier ,zt mea ju	 to zati,66y th.eze condi i.onz, that .iz,	 di66e-
tent yep neptez enta ti ve.
The 'h. etatccluca.0 ctazzi6.ication .ivy teptezented di.agtannnaticat-y in
- F.igune 4. Tftius {r.igune swrrmaA zez the te&t ionzlzi.p.6 between 	 every
pain o s g toupz	 (txa.i;v6ng z e t-s, ent. Ac scene, and cumu ea ti.ve beha-
v4outco6 tAa.irung lets) in the worm oU a dendAogAat)%Th q_6e teeati.on
a b h>ip	 are expre 6^s ed i r2 terms a {^ conrteta t:ion co e6 n.ic e;2t6 s o that ar
.6ta izticaP tlae %sho.Cd, set by the uzet, can be empeo yed.
' What can be seen in F.igute 4 (a) is that the 6.ive .6pectna.0 c.Cu,6e,3
(3 wood.Cand, 2 water) are d.i/ a etcnt, but they are not tepne3 erg ta-
' Live of the
	
entire scene. Why?
ReUer back. to Figure 1. Note that tltiiz zcene inaudu	 uneCazz i-
L
L
7.
1 4
ti h 
G LvCIBIl
'ITYAl, PA 	 pCTP, IS P
ool
^^1
M.
%
jr
..... .
.
.^^^^^	 •. '1• .L !. ,
	
'_
	 a	 ^,	 .	 S
"
	
	
;A jr
t
r
16
i "16
-
71(mo, 
—4
vis SIN
	
	
j!
ell
................. 	
'16
r
smm	 1	 lmArE
hi	 L
(0-tiginat in coto4)
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FIGURE 4 - EzempZe ati dend&og&am.3 obtained a4ten the lue,ta"Lch;i.cat
cta6z i4.ication.m
(a) Att t ta,i ming z etz cute d.i4 6 e&e;i t but not tepp Lez enta
' tive o6 the ent in.e scene.
(b) ` Att t.a,i ►u ►1g .6 e to ate d.i6 5 event and teptes en to tive
`
C) G 6 the entiu scene.
si	 10.
b ied aneaz which axe depicted in an obb-wh.i to coZor. Thu6 the hue-
n.archicaC e.Cazb.i.b.ien is :zepo4tiiLg coA&ectCy, that the thAee woad
Land and two wateA etasau, white d bbeAent, are not rcepn.etsentat .i
ve ob the entice scene. In Figure 4(b), where the d.i.men.6tion	 ob
the scene have been reduced to exclude unctaszib.ied anew,	 (obb-
white), we bind that the cCa z ez aAe now both d.ib b eAent and %epee
aentative ob the e,titi.7e .acene. The beedback .Coop chanaetehi.z.i,ng
this pn.ocu.6, which ptov,idez z ets o6 5eaturets box review by the u
der," lshown in Figure 3, Zl eazity and %ap.i,dCy pe 6ormed by the
computeA.
5. CONCLUSION
A ptcoven pattetcn recognition procedwte, the nu ►zbiiun entropy modeC,
has been empCoyed bor pnocezd.ing a zma.0 ponti.on ob Land.sat data.
This tt-c,aC. was conducted to inve.5t,igate the impact ob the model
upon the speed, cC A i ty and accuracy o6 the b.inat rauZtz	 when
compared tki th a more tnaditi.a=t appnoaeh. The Autho ,%z have bound
that the mZn mum enttopy modet may provide .sevenaZ w6ebu.0 advanta
gees oven tradition techniques. F. Azt, tota.0 compute.,. time to con-
duct a comp.Ce to pattern recogntti.on peace z d.6 reduced. Second,
subjective (traazbotuned .image), as we-CC as stati6t.ico2ty de&L ved^
.inbarmation are made avaiY-ab.Ce to the anaQyst/uzeA much ext.C.i.er.in
a the anaty^siz procezz. A rapid beedback .Coop in which numeAou,6 t^La
.i.ni.ng set combination can be te,6ted bor dibbeAence and rel.),tuenta
ti.venesz ,i3s avaiZabte.
Additionat tests ob Landsat data ptcocuzing using the ntiin' imm en-
tropy model are cCeaAt just.ib.ied. Data sets ov` dibbetung .spec-
t&aC compo itt on, drawn brim tithe& areas and other decc.don, dhou,Cd
be evatuated bejotze geneAaC conct aion and tce.commendationz
r
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